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How 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Crop residues 
•  >400M dry tons of crop 
residues 
•  Soil buffer from wind and rain 
•  Water holding capacity 
•  Nutrients 
•  Exacerbate cool moist 
condi?ons 
•  Harbor pathogens 
Dedicated energy crops 
Bioenergy Research Centers: An Overview of the Science, U.S. Department of Energy, February 2008. DOE/SC‐0104 
Miscanthus x giganteus and Sorghum bicolor 
100M acres = 200B gal / year of ethanol  
Courtesy of Steve Long, UIUC                                                                     Michael Kelle2‐Courtesy of 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Inc 
10 to 15 tons/acres  ~7.5 tons/acre 
26M acres = 377M tons 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cycling 
•  Amenable 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exis?ng 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•  Non‐invasive 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quality 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•  Low cost source 
of mixed sugars 
for fermentation 
•  Resistant to 
assault 
– Thermo-chemical 
pretreatment 
– Enzymatic 
saccharification 
Plant cell wall composi?on 
Genome Management Information 
System, Oak Ridge National Laboratory  
•  A defining feature of 
plants is a cell wall 
exquisitely designed to 
support plant structure 
and resist biological and 
chemical assault. 
Genomics:GTL Transforming Cellulosic Biomass, U.S. Department of Energy Office of 
Science and Office of Energy Efficiency and Renewable Energy, June 2006 
Plant cell wall composi?on 
•  Within the plant cell 
wall are chains of 
cellulose molecules that 
associate with 
hemicellulose and 
lignin to form linear 
structures of high 
tensile strength. 
Plant cell wall composi?on 
•  The simple sugars that 
make up these 
polymers can 
poten?ally provide low 
cost feedstock for 
biofuel produc?on. 
Bioenergy Research Centers: An Overview of the Science, U.S. 
Department of Energy, July 2009. DOE/SC‐0116 
Plant cell wall composi?on 
(1,4) 
Hemicelluloses are shorter 
heterogeneous polymers   
Cellulose 
Xyloglucan 
Arabinoxylan 
Lignin is a cross‐linked phenolic polymer that 
interferes with the degrada?on of cell walls 
The angiosperm lignin biosynthe?c pathway 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Regulatory network discovery 
Bind to specific DNA 
sequences and 
either promote or 
block transcrip@on 
www‐ijpb.versailles.inra.fr 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Cell 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An interac?on between a TF and a promoter 
fragment results in ac?va?on of the reporter 
Protein‐DNA interac?ons 
are measured quan?ta?vely 
for each TF.  Actual results 
from a screen of a 
CELLULOSE SYNTHASE A 
promoter.  These candidates 
now become targets for 
func?onal characteriza?on 
of their role in cell wall 
biosynthesis  
Regulatory network discovery 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Transla?onal bioassay for plant feedstock 
proper?es 
Pretreatment is costly and toxic 
Clostridium phytofermentans 

Monocots and dicots have different cell 
types and morphology 
xylem 
phloem 
Xyloglucan 
Arabinoxylan 
Monocots and dicot cell walls are 
composi?only different 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Science with crops 
System aXributes  Crops  brachy 
Life cycle  Months to years  Four weeks 
Stature  3 to 15m  Small 
Fecundity  None to high  Decent 
Genome complexity  Moderate to baffling  Simple 
Transforma?on  Challenging to 
impossible 
Simple 
Gene?c resources  None to few  Extraordinary 
Arabidopsis thaliana                     Brachypodium distachyon 
High efficiency brachy transforma?on 
Transforma?on of 
Brachy calli 
Regenera?on of 
mutant plants 
Analysis and 
characteriza?on of the 
puta?ve mutants 
Brachypodium geographical distribu?on 
Garvin et al, Plant Genome 2008 

•  Goal – low input produc?on of high yielding 
dedicated energy crops with recalcitrant roots 
and stems highly amenable to biofuel conversion 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